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© Multicell recombinant lead-acid battery with vibration resistant intercell connector. 



© A multicell lead-acid battery (10) having a low 
profile, unitary combination cast-on-strap and inter- 
cell connector (26, 28, 30. 32, 34) configured relative 
to other components of the battery to be resistant to 
vibrational forces. A method for forming the connec- 
tor features a heat sealing step to provide a tight 
mechanical fit 
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MULTICELL RECOMBINANT LEAD-ACID BATTERY WITH VIBRATION RESISTANT INTERCELL CONNEC- 
TOR 



Background of the Invention 

This invention to relates to multicell seated 
lead-acid batteries of the recombinant type and 
particularly to vibration-resistance intercell connec- 
tions in recombinant type lead-acid batteries. 

Multicell batteries employ intercell connections 
to series connect the individual cells together to 
achieve the desired battery voltage. The intercell 
connections are typically constructed to be leak 
tight, which prevents electrolyte spillage and elec- 
trolyte bridging between cells. Three types of inter- 
cell connections used with flooded batteries are 
external, over-the-wall. and through-the-wall. With 
the external type, the leads are brought through the 
individual covers of the cell of each cell via individ- 
ual sealing means. The intercell connections are 
made over the individual covers. With the over-the- 
wall type, the leads are brought up to a notch in 
the intercell wall and connected. The batteries are 
then inverted, and lowered onto the cover, which 
contains a sealing material such as epoxy which 
seals below the level of the notch. With through- 
the-wall connections the leads are brought up to a 
hole in the intercell partition, and welded through 
the hole to make a sealed connection. Lead-acid 
batteries of this type typically employ an L-shaped 
lug burned or cast onto the individual electrode 
tabs. Examples of vibration-resistant through-the- 
wall intercell connections in recombinant type lead- 
acid batteries are found in U.S. Patent No. 
4,495,259 (Uba) and U.S. Patent No. 4,521,498 
(Juergens). 

Recombinant batteries, that is lead-acid bat- 
teries that rely on oxygen recombination during 
overcharge to suppress water loss through elec- 
trolysis, may employ any of the aforementioned 
types of intercell connections. However, since re- 
combinant batteries do not have free flowing elec- 
trolyte, intercell connections have been proposed 
which do not make a sealed connection across the 
intercell partition. U.S. Patent No. 4,383.011 
(McClelland, et al.) illustrates in Figure 9 thereof a 
unitary strap and intercell connector which bridges 
across a cell partition and is contained within the 
common gas or head space of the battery. Similar 
intercell connection arrangements are disclosed in 
U.S. Patent Nos. 4,399,607 (May) and 4,424,264 
(McGuire, et al.). The May patent further discloses 
a process by which the combination strap and 
intercell connector are formed, namely by inverting 
the battery container and forming the combination 
plate straps and intercell connectors by dipping the 



plate tabs into mold cavities into which has been 
introduced molten lead. Recombinant batteries uti- 
lizing the aforementioned combination 
strap/intercell connectors have proved less than 

5 satisfactory in applications where significant vibra- 
tional forces are present, e.g. in automotive and 
aircraft applications. 

European Application 0 220 062 Al (Morrall) 
also discloses a combination strap and intercell 

io connector, which passes through an aperture in an 
associated intercell partition. A U-shaped sealing 
member engages the 'intercell partition and the 
sides and tops of the intercell connector, providing 
some vibration resistance, however support is con- 

75 fined to the area where the intercell connector 
passes through the partition. The top of the inter- 
cell connector is spaced substantially from the lid 
of the battery. Japanese Patent Application No. 56- 
119471 (Jinushi), filed July 29, 1981 discloses a 

20 similar unitary strap and intercell connector sup- 
ported by a U-shaped clip at the partition, and 
spaced from the undersurface of the lid. 

U.K. Patent Application GB 2061604 A dis- 
closes a combination strap and intercell connector 

25 which is formed by casting a metal bar in a mold 
formed integrally with the intercell partition and 
being open at its bottom so as to rest directly on 
the fibrous separator mat extending beyond the 
electrode plates. The obvious drawback of this 

30 construction is that the resultant cast strap/intercell 
connector will be resting directly on the electrolyte 
wetted separator, which will lead to a direct elec- 
trolyte bridging path between adjacent cells in turn 
causing local action and self-discharge. Moreover, 

35 the close proximity of the underside of the cast 
strap to the top of the electrode plates can lead to 
short-circuiting as the positive electrode plates 
grow during cycling, penetrate the separator layer, 
and come into contact with the negative polarity 

40 portion of the cast strap. 

An object of this invention is to provide a 
vibration-resistant multicell lead-acid battery em- 
ploying a combination unitary strap and intercell 
connector providing a low-profile connection for 

45 maximum utilization of interior battery compartment 
space for active materials. It is a further object to 
provide such a low profile, vibration-resistant con- 
struction while inhibiting the formation of intercell 
electrolyte bridging paths, and the creation of short 

50 circuits during cycling. It is a further object to 
provide the foregoing construction by a simple 
process lending itself to mechanized assembly 
techniques. 
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Summary of the Invention 

Briefly described, in one aspect the invention is 
directed to a vibration-resistant mutticell sealed 
lead-acid battery of the recombinant type having a 
monoWoc jar container with cell compartments and 
a closing lid. porous positive and negative elec- 
trode plates with protruding tabs positioned in the 
cell compartments, and porous separator material 
interleaved between the opposite polarity plates. 
Ekictrciyte is absorbed in the plates and separators 
and present in a starved amount. The cell compart- 
ments are separated by interceil partitions having 
notches at tneir upper end, the plate tabs of one 
poianty erf a cell being joined to plate tabs of the 
other polarity of an adjoining cell by a combination 
•trao and interceil connector. The upper surface of 
the straplnterceU connector is positioned closely 
adjacent to at least a portion of the underside of 
the battery Ud for vibration support The lower 
surface of the strap/intercell connector substantially 
rests on the notch of the interceil partition and yet 
is spaced substantially from the plates and separa- 
tors to inhibit interceil electrolyte bridging as well 
as short circuits. 

In another aspect the vibration resistance of 
the combined strap and interceil connector is en- 
hanced by providing an interlock between the con- 
nector and interceil partition wall. The interlock can 
be provided by the battery case or lid melt during 
a heat sealing operation, resulting in a partial sur- 
rounding of the strap material by the plastic of the 
partition wall or battery lid. 

In a further aspect the invention is directed to 
a process for forming the combination strap and 
interceil connector by extending the individual ceil 
packs of separator and plates beyond the compart- 
ment edges, inverting such assembly and lowering 
the protruding plate tabs into a mold so as to cast 
on the combination strap and interceil connector, 
pressing the cell packs with the thus welded straps 
into the bottom of the compartment so that the 
strap/intercell connectors bottom out against the 
notches provided in the interceil partitions, and 
then heat sealing the lid onto the monobloc jar 
container whereby some battery case melt partially 
surrounds the strap and provides mechanical sup- 
port therefor for vibration resistance. Ideally the 
resultant strap/connectors are positioned closely 
adjacent to the underside of the lid, also for me- 
chanical support during vibration. 



Brief Description of the Drawings 

The invention will be more particularly de- 
scribed in certain of its perferred embodiments in 
conjunction with the accompanying drawings, in 
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which like numerals designate like parts, and in 
which: 

FIG. 1 is a perspective, partial cutaway view 
of a multiceil battery embodying the invention, fur- 
5 ther showing the components of one cell pack 
partially unwound to illustrate their relative position- 
ing; 

FIG. 2 is a partial top plan view of a portion 
of the battery of FIG. 1 taken along 2-2 and broken 

/o away to illustrate one form of interceil connection in 
accordance with the invention; 

FIG. 3 is a plan view of an alternative strap 
arrangement for a standard prismatic type battery, 
partially broken away; 

75 FIG. 4 is an elevational sectional view 

through the combination strap and interceil connec- 
tor taken along line 4-4 of FIG. 3; 

FIG. 5 is a partial sectional view taken along 
line 5-5 of FIG. 3; 

20 FIG. 6a shows an end sectional view through 

the interpartition wall showing the arrangement of 
cast-on-strap and interceil partition before heat 
sealing the cover; FIG. 6b illustrates the arrange- 
ment of FIG. 6a after heat sealing the cover there- 

25 on; FIG. 6c also shows the arrangement of FIG. 6a 
after heat sealing in an alternative fashion; and FIG. 
6d illustrates an arrangement of parts similar to 
FIGS. 6b and 6c showing a further alternative; 

FIG. 7a shows a side sectional view of the 

30 interceil partition in one alternative embodiment 
FIG. 7b shows the final through-the-wall connection 
using the partition of FIG. 7a after installing the 
combination strap and interceil connector and posi- 
tioning the lid thereover; 

35 FIG. 8a illustrates an alternative arrangement 

similar to FIG. 7a; FIG. 8b shows the arrangement 
of FIG. 8a after assembly similar to FIG. 7b; 

FIG. 9a shows an alternative embodiment 
and relative arrangement of a heat platen with the 

40 lid and interceil strap before assembly, shown in 
side view; FIG. T3b is the same arrangement of 
parts of FIG. 9a shown in end view; FIG. 9c is the 
side view arrangement of parts of FIG. 9a after 
assembly; and FIG. 9d is an end view of the final 

45 arrangement of parts of FIG. 9b, after assembly; 

FIG. 10 is a top plan view of an alternative 
embodiment of the invention; 

FIG. 11 is an elevational sectional view, en- 
larged, showing the effective and apparent conduc- 

so tor thicknesses of the combination cast strap and 
interceil connector of FIG. 3 where poor wetting of 
tabs results; and 

RG. 12 is a top plan view similar to FIG. 3 
showing an alternative, offset combination strap 

55 and interceil connector to overcome problems of 
poor tab wetting. 
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Preferred Embodiments of the Invention 

Referring first to the embodiments of FIGS. 1 
and 2, there is shown generally at 10, by way of 
example, a two by three 12 volt cylindrically wound 
tead-acid automotive battery housed in a monobloc 
jar container 12, the mouth of which is sealed by 
lid 14 to produce a gas and electrolyte-tight bat- 
tery. Standard positive and negative terminals 16, 
18 are brought through the lid and positioned at 
opposite comers. of the battery. The lid 14 is pref- 
erably provided with one or more safety relief 
valves 17, 19, of the standard Bunsen type, to 
reduce excessive pressure that may develop. 

Monobloc container 12 is formed of an integral 
molding or the like containing six cylindrical bores 
or compartments etc. each housing a spirally 
wound cell element 24-1 , -2, -3, -4, -5 f and -6. The 
cylindrical walls 20, 22 etc. of each of the six cells 
defining the compartments of the monobloc, which 
merge together at tangential contact points be- 
tween the respective cells, are preferably formed of 
any suitable electrolyte-resistant insulating material 
of sufficient strength to withstand internal gas pres- 
sure and physical impact, such as ABS or poly- 
propylene. 

The six cell packs 24-1, -2, -3, -4, -5, and -6 
are connected in series by intercell connectors 26, 
28, 30, 32, and 34, configured in accordance with 
the invention. Each of the intercell connectors 
passes through a notch formed at the upper end of 
the intercell partition. 

As seen best FIG. 2, intercell connector 26 is 
formed of a unitary combined strap and intercell 
connector which electrically joins negative plate 
tabs 38 of cell 24-2 with positive plate tabs 40 of 
cell 24-1. Connector strap 26 has a low profile and 
is formed of legs 27, 29, of generally inverted V- 
shape. Outer surfaces 31 , 33 of depending legs 27, 
29 respectively, preferably are positioned closely 
adjacent to their corresponding cylindrical walls 22, 
20, thus providing lateral mechanical support and 
restriction of motion. In this respect, it is also 
preferred to provide ears 35, 37 which mechani- 
cally interlock with cell walls 20, 22 at their juncture 
at the intercell partition, again for improved vibra- 
tion resistance. 

An outstanding advantage which the combined 
strap and intercell connector configuration of the 
invention offers is its low profile connection allow- 
ing the introduction of more active electrochemical 
components into a given cell compartment. The flat 
design and relative thin section (about 0.100 to 
about 0.250 inches for the embodiment of FIG. 1) 
contribute to the low profile. The profile of sil- 
houette is herein defined as the ration of the head- 
space i.e. the distance between the cell pack com- 
ponents (generally the separator, since it is ex- 



tended) and the underside of the lid, illustrated as 
dimension S in FiG.4, to the cell height i.e. dis- 
tance from the bottom of the cell pack to the 
underside of the lid. shown as dimension H if FIG. 

5 1. In accordance with this invention the ratio of 
headspace to cell height S:H, is preferably from 
about .020 to about 0.10, more preferably from 
about .04 to about .075. 

In general, the battery of FIGS. 1 and 2 offers 

10 considerable resistance to vibrational forces also 
because the indivdual cylindrical wound elements 
preferably employ compressible separators and the 
elements themselves fit relatively tightly within 
each of their respective bores of the monobloc. 

75 The individual ceil elements are preferably con- 
structed in accordance with the teaching of U.S. 
Patent No. 3,862,861. Thus, the materials and ar- 
rangement of cell components are chosen to pro- 
vide a battery capable of discharge and charge 

20 (including overcharge) in any attitude without elec- 
trolyte loss or significant intracell or intercell migra- 
tion, and with the ability to recombine oxygen at 
high rates of efficiency (e.g., above about 99 per- 
cent at the C/10-C/20 overcharge rate) while si- 

25 multaneously achieving relatively high volumetric 
and gravimetric energy densities. 

As in FIG. 1, the cells may be constructed by 
spirally winding together under tension thin flexible 
positive plates 42 and thin flexible negative plates 

30 44 with interleaved compressible separators 43 
(two layers shown between plates) into a self- 
supporting roll dimensioned to form a more or less 
snug fit within each of the bores of the monobloc. 
The positive and negative plates may be formed 

35 respectively of electrochemically active lead and 
compounds of lead which, upon electroforming, 
produce positive plates containing lead dioxide as 
the electrochemically active material, and negative 
plates having lead in sponge formed as the active 

40 material. The plates are formed by pasting grids 46 
with such active materials. The grids may be made 
of cast or wrought lead, for instance formed into a 
perforated sheet, as shown, or expanded mesh. 
The lead used for the grid, particularly the negative 

45 grid, has a high hydrogen over-voltage and is pref- 
erably pure lead of at least about 99.9 percent by 
weight purity, with the impurities not serving to 
substantially reduce the hydrogen over-voltage. Al- 
ternatively, an alloy of lead naturally having a high 

so hydrogen overvoltage such as lead/calcium, 
lead/calcium/tin, or the like may be used. The 
positive grid may contain low levels of lower hy- 
drogen overvoltage materials, such as antimony at 
preferably less than 1.5 percent loading. The in- 

55 dividual positive grids are provided with a plurality 
of collector tabs 40, which are radially aligned and 
joined to the combined strap and intercell connec- 
tor 26 as shown in FIG. 2. The opposite polarity 



4 
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(negative) collector tabs 48 of cell 24-1 are integ- 
rally joined to combined strap and intercell connec- 
tor 28 for making serial connection with the cor- 
responding positive tabs in cell 24-3. Similar con- 
nections are made throughout the battery. All inter- 
cell connections in the illustrated embodiment are 
inverted V-shaped except central connection 30 
which is substantially S-shaped. 

Alternatively, different combinations of V-, S- 
and straight cross bar intercell connections may be 
employed. For example, cells 24-2 and 24-1 could 
be connected with an S-shaped bar, cells 24-1 and 
24-4 with elongated S-bar passing across the open 
molded channel between cell compartments, cells 
24-4 and 24-3 with an S-bar, cells 24-3 and 24-6 
with a V-bar, and cells 24-6 and 24-5 with either an 
S- or V-bar depending upon desired terminal loca- 
tion. 

Choice of the separator material 43 is critical to 
proper operation of the battery in a sealed, reconrv- 
bining mode. The separator has an extremely high 
absorptivity toward the electrolyte so that it may 
exert a wicking or capillary effect on the plates, 
serve to retain the bulk of the electrolyte required 
to sustain the electrochemical reactions, and pro- 
vide the battery with a high capacity per unit of 
weight Therefore, the separator must also have a 
high porosity, preferably from about 70 to about 98 
and more preferably from about 85 to about 95 
percent. In comparison with the plates which have 
lesser porosities e.g. typically from about 40 to 
about 60 percent, the separator also has a greater 
electrolyte absorptive power. Thus, when a pre- 
scribed starved amount (less than saturated, prefer- 
ably substantially less than the amount capable of 
being absorbed by the plates and separators) of 
electrolyte is maintained in the battery and be- 
comes tightly absorbed within the plates and sepa- 
rator, the relative greater electrolyte absorptive 
power of the separator produces an automatic wic- 
king or capillary action whereby the bulk of the 
electrolyte becomes absorbed in the separator 
phase. A substantial portion of the pore volume of 
the plates remains unfilled with electrolyte (voided), 
more or less uniformly throughout the pore volume 
of the plates. In this manner, a large portion of the 
lead particles of the plates, and the pores defined 
between the particles, are covered by only a thin 
layer or film of electrolyte thereby producing the 
well known three-phase boundary condition con- 
ducive to gas transport (diffusion in the gas phase) 
on charge and overcharge. 

While the electrolyte is disproportionaUy dis- 
tributed in each cell so that preferably at least 
about 60 percent, more preferably at least about 65 
percent and most preferably at least about 70 
percent of the electrolyte is contained within the 
interstices or pores of the separator, with the re- 
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maining amount of electrolyte being preferably ab- 
sorbed within the pore structure of the plates (there 
is no tee flowing electrolyte in the cell), there still 
remains some unfilled pore volume within the sepa- 

5 rator. A low tortuosity direct path is thus available 
for oxygen evolved at the positive plate on over- 
charge to pass directly through the separator and 
into the negative plate where it is consumed at the 
thin electrolyte layer surfaces there. 

ro Since the porous lead dioxide positive plates 
(after electroforming) and lead sponge negative 
plates themselves have a high heat of wetting and 
absorptive power toward sulfuric acid, the separator 
material should be chosen to also have a very high 

75 heat of wetting and, coupled with this, a large 
surface area. A high surface area siliceous material 
is preferred. A separator material which in practice 
has offered these features is formed of micro- 
diameter glass fibers intermingled to form a sheet 

20 or mat The mat should be compressible so that 
upon winding or stacking of the elements of the 
cell, it conforms intimately to the contour to the 
surface of the plates so that it may perform its 
wicking or capillary action, as well as providing 

25 cushioning for vibration resistance. In general, the 
plates and separators are held together under firm 
mutual stacking pressure. 

To achieve the high surface area required, the 
major portion by weight of the high heat of wetting 

oo fibers (e.g. glass) have average diameters prefer- 
ably less than about three microns, more prefer- 
ably less than about 0.9 microns. Various grades of 
courser and finer materials may be incorporated 
with the above-mentioned microdiameter fibers to 

35 provide the required tensile strength or other phys- 
ical properties for ease of manufacture and to im- 
prove handling of the mat during assembly. For 
instance, a typical mat may have from about 75 to 
about 85 percent by weight of 0.6 micron fiber, 

40 from about 5 to about 15 percent by weight of 3 
micron fiber, and rovings having diameters from 
about 7 to about 20 microns in an amount from 
about 3 to about 10 percent by weight. Utilizing 
fiber diameters in these preferred ranges, the mats 

45 of the invention preferably have surface areas mea- 
sured by the BET method in the range from about 
0.05 to about 20, and more preferably from about 
0.1 to about 15 square meters per gram of fiber 
material. 

so The electrolyte amount and type are also im- 

portant in this battery. Liquid sulfuric acid is em- 
ployed having a specific gravity of preferably at 
least about 1.27, more preferably at least about 
1.30 and more preferably at least about 1.33, while 

55 striving to keep this specific gravity below about 
1 .40 to surpress corrosion. In general, from about 8 
to about 11.5 and more preferably from about 8.5 
to about 10.5 cc of 1.33 specific gravity sulfuric 

5 
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acid, or equivalent amounts (based on total acid 
content) of lower density acid, are introduced per 
ampere hour capacity of each cell. 

The foregoing general requirements with re- 
spect to the separator and plate materials em- 
ployed, and electrolyte distribution within those 
plates and cells apply to the other illustrated em- 
bodiments of the invention. 

Reference will now be made to the alternative 
embodiment illustrated in Figures 3-5. In this em- 
bodiment the plates and separators are stacked in 
parallel or prismatic fashion in parallelepiped cell 
compartments separated by intercell partitions 54. 
A plurality of collector tabs 56 of common polarity 
in ceil 50 are interconnected to a plurality of tabs 
58 of opposite polarity in cell 52 with an integral 
combination strap and intercell connector 60, which 
passes through a notch 62 formed at the upper end 
of intercell partition 54. 

As best seen in FIGS. 4 and 5, the combination 
strap and intercell connector 60 is preferably posi- 
tioned in close proximity (defined as including ac- 
tual contact with) the underside of cover 14'. The 
battery lid thus serves to closely mechanically con- 
strain strap 60, and limits possible strap excursion 
when the battery is vibrated in use. In contrast with 
some prior battery constructions such as the com- 
bined strap and intercell connector taught in the 
aforementioned European Patent Application 0220 
062, the strap is held fixedly at the intercell parti- 
tion and sealed with the use of a U-shaped insert 
member, which acts as a fulcrum point permiting 
the strap portion connected to the positive tabs to 
be displaced upwardly, thereby simultaneously 
causing the strap connected to the negative tabs in 
the adjacent cell to be displaced downwardly. 

While the upper surface of the strap and inter- 
cell connector is positioned closely adjacent to at 
least a portion of the underside of the battery lid 
14' in the preferred embodiment, the lower surface 
61 of the connector substantially rests on the notch 
lower surface 63 of the intercell partition, but is 
spaced substantially above the plates and separa- 
tors as shown. This arrangement provides support 
for the connector while insuring that the formation 
of intercell electrolyte bridging or creepage paths 
or short circuits is surpressed. 

It is preferred that the combination strap and 
intercell connector fit tightly and preferably inter- 
lock with the intercell partition and/or battery lid. 
One means of obtaining such a tight fit is illustrated 
in FIGS. 6a-d. In the preferred method for forming 
the combination strap and intercell connector, 
whether for spiral wound monobloc batteries of the 
type shown in FIG. 1 or prismatic batteries of the 
type shown in FIG. 3, the monobloc container is 
first inverted and each of the cell packs consisting 
of plates and separators made to protrude some- 



what beyond the individual compartments of the 
monobloc so that the tabs extend below the con- 
tainer and intercell partition surface. The cell packs 
are held tight so that they do not fall out of their 

s compartments. The groups of tabs of each cell are 
then lowered into appropriately shaped molds and 
lead poured into the molds or dipped into prefiiled 
molds to thereby cast the strap and intercell con- 
nector as an integral unit. Once the lead in the 

10 mold has solidified the battery is raised again, 
turned upright, and each of the cell packs driven 
home in unison (the bottom of the cell packs 
should contact the bottom of the container) so that 
the cast-on strap/intercell connector is positioned 

is within the notch of the intercell partition substan- 
tially as shown in FIG. 6a The lid 14 is then 
preferably heat sealed to the walls and intercell 
partition 54 (this same procedure applies to heat 
sealing cover 14 to container wails 12 and cylin- 

20 drical partitions 20, 22 shown in FIGS. 1 and 2). In 
normal fashion, a heated platen is placed against 
both the jar container and lid surfaces to be sealed 
to soften the same, and the two surfaces brought 
together under pressure. As is known, some melt 

25 and flow may occur at the interface 57 between the 
lid and intercell partition. This flow is shown at 55 
which tends to be squeezed tightly in between 
strap 60 and cover member 14' which is in close 
proximity thereto. The amount of battery case ma- 

30 terial melt and squeeze pressure will control the 
final amount of flow and, hence, the degree of 
interlocking of strap 60. It has been found that the 
flow of material around the strap at 55 further 
enhances vibration resistance of the connection. By 

35 increasing the amount of material melt and/or pres- 
sure, a full bridging of melt material on top of the 
strap as shown at 59 in FIG. 6c results. 

Alternatively, as shown in FIG. 6d, # a gap 64 
may be molded into the battery lid 14" so as to 

40 allow gas passage between cells, with the benefits 
more fully taught in U.S. Patent No. 4,383,01 1 to 
McClelland et al. Obviously, the embodiments 
shown in FIG. 1 , RG. 4 and FIG. 6b also will permit 
gas passage between cells since there is no provi- 

45 sion for a seal. 

On the other hand, if it is desired to seal one 
cell from another (requiring separate relief valves 
for each cell), the construction of FIGS. 7a and 7b 
may be employed. As shown therein, notch 62' is 

50 provided along with its three sides with small in- 
tegral ridges 66 (also formed of thermoplastic ma- 
terial). When a still hot combination cast strap and 
intercell connector is pressed down against ridges 
66, the ridges deform somewhat as shown at 66' 

55 and form a seal around the perimeter of the cast- 
on- strap. An alternative method of obtaining a 
similar type of seal is shown in FIGS. 8a and 8b 
wherein an insert of a suitable sealing material, 
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such as hot melt 68, is employed. Either the inter-, 
cell partition 54 or hot meft compound is preheated 
immediately prior to inserting strap 60. After as- 
sembly the hot melt flattens in sealing engagement 
as shown at 68'. 

A further alternative wherein a seaJ is effected 
completely around the perimeter of strap 60 is 
shown in FIGS. 9a-d. In this embodiment the cover 
14' is provided with an integral ridge at 70. Ribs 72 
similar to ribs 66 of FIG. 7a are also provided in 
notch 62' and sealed against the strap/connector in 
the same manner discussed in reference to FIGS. 
7a and 7b. Heated platen 74 is then brought into 
contact with ridge 70, lid 14' and container 12' and 
then removed. The lid 14 is then pressed against 
case 12', effecting a seal between the case and lid. 
The heated ridges flow and make a seal com- 
pletely around the cast-on-strap 60 as shown in 
FIGS. 9c and 9d. In addition to being sealed at the 
intercell partition opening, the extremities of strap 
60 in the adjoining ceils are positioned in close 
proximity to the underside of lid 14', for mechanical 
support. 

A further embodiment of the invention is shown 
in FIG. 10. In this preferred form the cast-on in- 
tegral strap and intercell connector 76 is config- 
ured, similarly to that shown in FIG. 2, to have ears 
78 which interlock around the edges of intercell 
partition 54. This interlocking feature promotes sta- 
bility of the connection if the battery were to be 
vibrated. 

In FIG. 12 a further embodiment is shown in 
which the legs 82, 84 erf integral strap and intercell 
connector 80 are offset relative to notch 83 in cell 
partition 54. This construction has not only the 
benefits of an interlocking feature, but also that the 
conductive path has a greater apparent conductor 
thickness than the standard non-offset construction 
shown in elevation in FIG. 1 1 . As shown in FIG. 1 1 , 
typically the tab members 86 do not wet com- 
pletely during the casting operation resulting in an 
effective conductor thickness which only extends 
from the top of strap 60 to the uppermost portion 
of tabs 86 which have wetted and thus integrated 
with the remainder of the strap. Since the normal 
current conductor path is transverse to the width of 
the tab, the conductor thickness is restricted to the 
aforementioned effective conductor thickness, sub- 
stantially less than the apparent thickness of the 
conductor. Since the effective conductor thickness 
is dependent upon the height of the wetted tab, the 
excess conductor material is essentially wasted. 
With the offset design shown in FIG. 12, the con- 
ducting path is more or less parallel to the tab 
width and then over to the offset intercell connec- 
tion area shown at 88. 

While certain representative embodiments and 
details have been shown for the purpose of illus- 



trating the invention, it will be apparent to those 
skilled in this art that various changes and modi- 
fications may be made therein without departing 
from the spirit or scope of the invention. 



Claims 

1. A vibration-resistant mutticeil sealed lead- 
70 acid battery of the recombinant type having a mon- 

obloc jar container with cell compartments and a 
lid, porous positive and negative plates with pro- 
truding tabs positioned in the cell compartments, 
porous separator material interleaved between the 

75 opposite polarity plates, electrolyte absorbed in the 
plates and separators and present in a starved 
amount the cell compartments being separated by 
intercell partitions having notches at their upper 
end, the plate tabs of one polarity of a cell being 

20 joined to plate tabs of the other polarity of an 
adjoining cell by a combination strap and intercell 
connector whose upper surface is positioned close- 
ly adjacent to at least a portion of the underside of 
the battery lid, and whose lower surface substan- 

25 tially rests on the notch of the intercell partition and 
yet is spaced substantially from the plates and 
separators to inhibit the formation of intercell elec- 
trolyte bridging paths and short circuits. 

2. The lead-acid battery of Claim 1 having a 
30 low profile wherein the ratio of the distance from 

the bottom of the lid to the top of the separator, on 
the one hand, and the distance from the bottom of 
the lid to the bottom of a cell compartment is from 
about .020 to about 0.1. 
35 3. The lead-acid battery of Claim 1 wherein the 

lid is heat sealed to the container and intercell 
partition, and melt from the heat seal contacts and 
partially surrounds the strap and intercell connec- 
tor. 

40 4. The lead-acid battery of Claim 3 wherein the 

strap and intercell connector is tightly held in the 
intercell partition. 

5. The lead-acid battery of Claim 4 wherein the 
strap and intercell connector is sealed against the 

45 intercell partition and (id to prevent gas flow be- 
tween cells. 

6. The lead-acid battery of Claim 4 wherein 
space is maintained between the strap and intercell 
connector and the intercell partition or lid to pro- 

50 vide a gas passageway between adjoining cells. 

7. The lead-acid battery of Claim 1 wherein the 
• strap and intercell connector mechanically interlock 

with the intercell partition. 

. 8. The lead-acid battery of Claim 1 wherein the 
55 strap and intercell connector is laterally offset rela- 
tive to the notch in the intercell partition. 
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9. A vibration-resistant multicell sealed lead- 
acid battery of the recombinant type having mon- 
obloc jar container with cell compartments and a 
lid, porous positive and negative plates with pro- 
truding tabs positioned in the cell compartments, s 
porous separator material interleaved between the 
opposite polarity plates, electrolyte absorbed in the 
plates and separators and present in a starved 
amount, the cell compartments being separated by 
intercell partitions having notches at their upper io 
end, the plate tabs of one polarity of a cell being 
joined to plate tabs of the other polarity of an 
adjoining cell by a combination strap and intercell 
connector which is mechanically interlocked to the 

lid and/or intercell partition at the notch by virtue of 75 
melt from an operation heat sealing the lid to the 
intercell partition contacting and at least partially 
surrounding the strap and intercell connector in 
interlocking relationship. 

10. The lead-acid battery of Claim 9 having a 20 
low profile wherein the ratio of the distance from 

the bottom of the lid to the top of the separator, on 
the one hand, and the distance from the bottom of 
the lid to the bottom of a cell compartment is from 
about 0.020 to about 0.1 . 2s 

11. The lead-acid battery of Claim 9 wherein 
the strap and intercell connector is sealed against 
the intercell partition and lid to prevent gas flow 
between cells. 

12. The lead-acid battery of Claim 9 wherein 3a 
space is maintained between the strap and intercell 
connector and the intercell partition or lid to pro- 
vide a gas passageway between adjoining cells. 

13. The lead-acid battery of Claim 9 wherein 

the strap and intercell connector is laterally offset 35 
relative to the notch in the intercell partition. 

14. The lead-acid battery of Claim 9 wherein 
the interlock is made directly between the strap 
and intercell connector, and lid and/or intercell par- 
tition melt, without any other intervening material. 40 

. 15. A vibration-resistant multicell sealed lead- 
acid battery of the recombinant type having a mon- 
obloc jar container with cylindrical cell compart- 
ments and a lid, porous positive and negative 
plates spirally wound together with protruding tabs 45 
positioned in the cell compartments, porous sepa- 
rator material interleaved between the opposite po- 
larity plates, electrolyte absorbed in the plates and 
separators and present in a starved amount the 
cell compartments being separated by intercell par- 50 
titions having notches at their upper end, the plate 
tabs of one polarity of a cell being joined to plate 
tabs of the other polarity of an adjoining cell by a 
combination strap and intercell connector having a 
generally inverted V-shape with a pair of depending 55 
legs respectively joined to opposite polarity tabs 
and offset relative to the notch in the intercell 
partition. 



16. The lead-acid battery of Claim 15 wherein 
the combination strap and intercell connector is 
formed by the cast-on-strap process. 

17. The lead-acid battery of Claim 15 wherein 
the ratio of the distance from the bottom of the lid 
to the top of the separator, on the one hand, and 
the distance from the bottom of the lid to the 
bottom of a cell compartment is from about 0.020 
to about 0.1. 

18. The lead-acid battery of Claim 15 wherein 
the lid is heat sealed to the container and intercell 
partition, and melt from the heat seal contacts and 
partically surrounds the strap and intercell connec- 
tor. 

19. The lead-acid battery of Claim 15 wherein 
space is maintained between the strap and intercell 
connector and the intercell partition or lid to pro- 
vide a gas passageway between adjoining cells. 

20. The lead-acid battery of Claim 15 wherein 
the strap and intercell connector mechanically in- 
terlock with the intercell partition. 

21. The lead-acid battery of Claim 15 wherein 
the upper surface of the strap and intercell connec- 
tor is positioned closely adjacent to at least a 
portion of the underside of the lid. 

22. A process for producing a vibration-resis- 
tant multicell lead-acid battery, comprising: 

a. forming a plurality of cell packs compris- 
ing porous positive and negative plates and inter- 
leaved separators, the plates having tabs protrud- 
ing from an edge of the cell pack; 

b. positioning the ceil packs within open cell 
compartments of a thermoplastic monobloc con- 
tainer so that the tabs protrude beyond the edge of 
the open end of the cell compartments; 

c. inverting the container and maintaining the 
tabs in protruding relation to the edge of the open 
aid of the ceil compartments; 

d. immersing the tabs in molten lead con- 
tained within a mold to form a combination unitary 
cast-on-strap and intercell connector interconnec- 
ting tabs of one polarity of a cell to tabs of the 
other polarity of an adjoining cell across and inter- 
cell partition; 

e. pressing the cell packs with combination 
cast-on-straps and intercell connectors to the bot- 
tom of the cell compartments at their closed end; 
and 

f. heat sealing a lid to the intercell partition(s) 
so that the ltd and intercell partition partially melt, 
and the resultant melt is squeezed to cause it to 
contact and flow around, and solidify against, the 
unitary cast-on-strap and intercell connector. 
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